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by National Semiconductor

All the advanced electronics in this Novus calculator
are manufactured by National Semiconductor Corpor-
ation, a world leader in the design and production
solid-state electronic components. National is a mulii-
naticnal, NYSE-listed company that's demonstrated
unparalieled growth over the last six years.

Your Novus calculator is built in the USA. That's
because American technology —and specifically the
know-how of National Semiconductor—is the key

to this product’s quality, reliability and computation
“horsepower.” No other manufacturer can equal
National’s ability to produce rugged, performance-
packed components in the large volumes that result

in guality products with small price tags.

The same National Semiconductor electronics have
helped take Americans to the moon and back, and are
the critical “guts™ of high-performance products
ranging from life-saving medical equipment o con-
sumer products such as color tv's and digital watches.
You now own one of the world's most technically-
advanced consumer products. We hope you'll be as
proud to use it as we were to make it.
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Turn your Novus Scientist on with the switch on the
left side of the calculator. The calculator is automatic-
ally cleared and the display should now show 0.

If it does not, check to see if the battery needs
recharging by connecting the Novus AC charger.
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Your Novus Scientist is powered by rechargeable
batteries. A dot will illuminate (e) on the extreme
left side of the display as a low-batiery indicator.
Although calculations can still be made while the
low-battery indicator is on, the battery should be
charged as soon as possible. Continued use on a
weak battery may result in inaccurate answers. To
charge the batteries connecl the Novus AC Charger
io the jack on the top left side of the machine.

A typical full charge takes five hours. You can oper-
ate your calculator while the charger is connected.
BE SURE THE CALCULATOR IS TURNED OFF
BEFORE CONNECTING THE AC CHARGER.
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Display

The Novus Scientist displays an 8-digit mantissa
and a 2-digit exponent. The calculator will accept
and display any positive or negative number between
—1x 1029 and 9.9992939 x 10%9. Any result larger
than 9.9999989 x 1022 will result in an overflow indi-
cated by displaying 8 mantissa digits of the result
with the two least significant digits of the 3-digit
exponent. Computed results between the range of
0.1 and 99999999 are displayed in floating point
format. Results smaller than 0.1 or larger than
99999998 are automatically converted to scientific
notation format.

Automatic Display Shutofi

To save battery life, the Novus Scientist shuts off all
but the most significant digit of the mantissa if no key
has been pressed for approximately 30 seconds.

No data has changed and to restore the display
without changing its contents, touch CHS twice.

Reverse Polish Logic and the Stack Principle

The Novus Scientist uses Reverse Polish logic with
four registers called X, Y, Z and T. A register is an
electronic element used to store data while it is being
displayed, processed or waiting to be processed. The
four registers are arranged in a “stack” as follows:
(To avoid confusion between the name of a register
and its conlents, the registers in this diagram and the
diagrams in Appendix A are represented by capital
letters X, Y, Z and T and the contents of the registers
by lower case letters x, y, zand t).
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The display always shows the contents (x) of
register X. See Appendix A for diagrams showing
what happens to the stack for each operation

of the Novus Scientist.

Keying In and Entering Numbers

To enter the first number in a 2-function calculation,
key in the number and touch ENT If your number
includes a decimal point, key it in it in with the number.
If a decimal is keyed in more than once in a number

entry, the calculator will use the last decimal keyed in.

You do not have 1o key in the decimal in whole
numbers.

To enter a negative number, key in the number
and touch €HS .

Scientific Notation

Any number can be entered into the Novus Scientist
in scientific notation—that is, as a number (mantissa)
multiplied by 10 raised to a power (exponent). The
exponent indicates how many places the decimal

point should be moved. If the exponent is positive, the
decimal is moved to the right. if the exponent is nega-
tive, the decimal is moved to the left. For exampie:
1200 can be entered as 1.2 x 102, Key in: 1.2 EE 3,
ihe display shows: 1.2 03. Note: The last two digits
on the right side of the display are used to indicate
exponents.

Very targe and very small numbers must be entered in
scientific notation. For example: 134,000,000,000,000
(written 1.34 x 10%%) must be keyed in: 1.34 EE 14;
display shows: 1.34 14. To enter a negative
exponent, touch QI;IS after keying in the exponent.

Example: .000000000034 (written 3.4 x 10-11) must be
keyed in: 3.4 EE 11 CHS , display shows: 3.4 —11.

if EE _has not been preceded by a mantissa entry,
the | EE depression is ignored.

Correcting Mistakes

To clear a2 wrong number entry, touch C
Touching '€ 'C clears the X register {mspiay) and
drops the stack down.

To correct a wrong exponent entry, just key in the
correct exponent. If more than two numbers are keyed
in after touching EE EE . the calculator retains the last
two numbers keyed in as the exponent.

To correct a wrong mantissa entry aﬂerE has been
touched, touch|= (decimal). This will clear the display
to 0 and zallow re-entry of the mantissa and exponent.
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Touched belore sin, cos or tan computes

the inverse sing, cosine or tangent (in degrees),

respectively, of the number in the display.

Computes the sine of the angle (in degrees)
in the display.

Computes the cosine of the angle (in degrees)
in the display.

Computes the tangent of the angle (in
degrees) in the display.

Enters Pi (@) = 3.1415927 into the display
(X register), and raises stack.

Computes the common logarithm of the
number in the display.

Computes the common antilogarithm of the
number in the dispiay. (Raises 10 to ‘X’ power).

Computes the natural logarithm of the
number in the display.

Computes the natural antilogarithm of the
number in the display. (Raises e = 2.7182812
to the ‘X’ power).

Raises 'y’ 1o the X’ power.

Computes the square root of the number
in the display.

reT———

Computes the reciprocal of the number
in the display. (Divides 1 by X').

Xy Exchanges the number now in the display

8

with the number last in the display.

Recalls the contents of memory to the
display (X register), and raises stack.

Stores the number in the display in memory.

| ROLL Moves the contents of register X to register T,

the contents of register Y to register X, the
contents of register Z to register Y and the
contents of register T 1o register Z.

Instructs the calculator to accept the next
number keyed in as an exponent of 10.

S, Changes the sign of the number in the display.

Enters the number in the display (x register)
into a working register (y register).

Divides 'y by 'X.
Multiplies ‘y’ by *X'.
Subtracts X' from ‘y'.
Adds X' to 'y.

Clears contents of display (x register) and
rolls stack down.

See page 8 for explanation of program control keys.
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n addition to the separate memory, there are four
ocations where numbers ¢an be kept for operations.
These locations are called registers and in the
Scientist these have been combined into an auto-
Tnatic stack. The Novus Scientist uses the four-level
stack along with Reverse Polish logic to allow calcu-
ations according to mathematical hierarchy.

Mathematical Hierarchy and
Reverse Polish Logic
Hierarchy is a term for the rules of mathematics
-eferring to the order of performance of operations
on numbers. Those rules are:

1. Do the problem left to right.

2. Do all operations within parentheses,
if any, first.
3. Perform operations in the following order:
a. raising to powers, taking roots, trig,
log and reciprocal functions,
b. multiplication and division,
¢. addition and subtraction.

4. Repeat steps 1 through 3 until the calculation
is complete.

=xample: The equation (32 + 2)4 + sin 30/,/25 =
116.1 is solved according to the rules of hierarchy

as follows: \/_5
(332 +2)4+sin30/ /25,
ke | e %
2
3 6
1. 3=27 v
2. 2+ 27=29.
3. 286 X4 =116.
4. sin30=.5
5.\/2_5=5.
6. 5+=8=11

. 116+.1=116.1

1. Starting at the left and working right, key in the
next number (or the first if this is the beginning
of a new problem).

2. Ask yourself: ““Can an operation be performed
according to the rules of hierarchy?” If so, per-
form all operations possible. If not, touch E

3. Repeat steps 1 and 2 until your calculation is
complete.

Following these three steps, you can calculate the
example equation (33 + 2)4 + sin 30 / 1/25 using
Reverse Polish logic as follows:

KEY IN DISPLAY SHOWS COMMENTS

3 3

ENT 3.

3 3

Vel 26.999981* @

2 2

+ 28.999981 (3% +2)

4 4

ﬁ 115.99992 (3°+2)4

30 30

sin. 0.5000002  sin30

25 25

v 5 V5.
0.1 5+5
116.09992 (3% + 2)4 +5in 30/ /35

Calculation is complete and performed according
to the rules of hierarchy.

*Note: The actual resuits which occur when performing
special functions must be rounded off to the third
to sixth place for greater accuracy. The inaccuracy
(e.g. 33 = 26.999981 instead of 27) of answers
occurs because extra guard digits and rounding
techniques are not employed during calculations
in order to simplify the technical design of your
calculator.



One-Factor Calculations
The one-factor functions are listed below. These

function keys operate on the displayed entry or result,

that is, the indicated trig, log or other special opera-
tion is performed automatically when you depress
one of these keys:

Examples:
Sin30° =05

Key in: 30 sin ; display shows 0.5000002
Cos-1 05=60

Keyin: 5 EE cos ; display shows 60.000454

(=] Cumputes the square root of the number
in the display.

i/x Computes the reciprocal of the number
in the display.
Example: Key in: 2 1/x; display shows: 0.5.
dn  Computes the natural logarithm of any
positive number in the display.

er Computes the natural antilog of the number
o in the display by raising ‘e’ (2.7182812) to
the power in the display.

Computes the common logarithm of any
positive number in the display.

HIE Computes the common antilog of the number
in the display by raising 10 to the power
in the disglay.
sin  Computes the sine of the angle (in degrees)
in the display.
‘cos Computes the cosine of the angle (in degrees)
- inthe display.
Sn  Computss the tangent of the angle (in

degrees) in the display.

arc Touched before 'sin, [cos, or [fan , computes
the arc sine, arc cosine or arc tangent (in
degrees), respectively, of the number in the
display.

Two-Factor Calculations
Functions involving more than one variable are per-
formed by keying in the first factor and depressmg -
'ENT , keying in Ihe second factor and depressing X
for multiplication, = for division, y* for raising
y (value entered on ENT ) o the power keyed in as
the second entry.
Examples:
Bh—=3=12

Keyin: 15 ENF 3 — ; display shows 12
124+4=16

Keyin: 12 ENT 4 —+ ; dispiay shows 16
0+2=86

Key in: 10 EF\E 5 =k display shows 5
6 X 5=230

Keyin: 6 ENT = >< display shows 30
43 = 64

Key in: 4 [ENT 3 y*; display shows 64.000033
"See note, page ge 6.

Chain Calculations

The stack automatically lifts calculated answers when
you complete a calculation and drops during calcula-
tions involving both the X and Y registers as illustrated
on page 20-22. This automatic stack lift and drop
allows you to retain intermediate resulis without re-
entering numbers. Many calculations can be ap-
proached by keying in numbers in left to rnight order.
Example:

(24+3) X (4+35)=45

Key in: 2ENT3+4ENT5+><

Memory

Stores the number in the display in memaory
(register M).

C -

Recalls the contents of memory (register M)
to the display (register X).

To clear memory, key in: 0 @



Programming

The addition of “learn mode' programming to the
already powerful Novus Scientist provides the user
with a unique time saving approach to the evaluation
of long equations or those which require iterative
soiutions.

“Learn-mode" programming is essentially automatic
key pressing. One of the benefits of the “learn-mode”
programmer is its inherent simplicity in developing
and using a program. Effective use of the programmer
does not require any special skills or knowledge of
programming languages. If you can use the calcu-
lator, you can use the programmer!

The basic technique of “learn-mode" programming is
that the programmer remembers the sequence of

key depressions used to solve a problem. Therefore,
to program the calculator, all the user musi do is

solve the problem correctly once with the programmer

in LOAD mode. Even if mistakes are made, when the
proper corrections are made the programmer will
learn the corrections and yield the proper solution.

: 15 1
Programming Function Keys

LOAD/STEP/RUN Switch
LOAD— Allows loading of program steps into the
program storage area.

STEP —Executes one step of a stored program for

Programming Keys
% -ue Shr‘ ncjl lm3f'ﬁﬂutiﬂ1$ iti “‘ﬁ‘
LOAD and RUN modes.

In LOAD mode, touching Start will erase all
previously stored information in the program
storage area, write a START code and mark
the beginning of the first program. In the RUN

mode, touching Sttt begins execution of

the first program. If the programmer is stopped

at a HALT code (explained below), touching
continues the program to the next HALT

or to the end of the program. After reaching

the end of a program, the programmer always

returns to the START code at the beginning

of the first program.

The SKip key has functions in both the LOAD
and FtUN modes. In the LOAD mode, touching
skip marks the beginning of programs other
than the first. It writes a SKIP code for each
subsequent program. In RUN mode, touching
skip causes the programmer to jump from
the beginning of a program, or from a HALT
point, to the beginning of the next program
and begin execution of that program.
Execution continues to the first HALT or to
the end. If only one program is stored and the
programmer is stopped at a HALT, touching
m will jump over the remaining part of the
program and start execution at the beginning
of the prngmm. This feature may be used

to create a “loop™ within the main program.
When only two programs are stored, touching
skip effectively executes the second program
and touching Start, executes the first. When
more than two programs are stored, a HALT
code must be programmed in somewhere in
all programs except the first. To execute the
second program, touch ) , 1o execute the
third program, touch SKip twice, to execute
the nth program, touch @ n-1 times.

The Rall key functions only in the LOAD mode
and is used io insert 2a HALT code in the
program sequence. In RUN mode, when the
programmer encounters a HALT code, it stops
the play back of the program and returns
control of the calculator back to the user.
haltis usually used as a pause in the program



sxecution to allow the reading of an inter-
mediate result and! orto input a variabie for
leave the HALT cundnt:on and contmue
execution of the program, but it will also
allow branching to the next or subsequent
programs if @ 1s touched.

The E key (deleie) functions only in the
LOAD mode and is used for editing the pro-
gram. Its purpose is to remove entries from
the program memory. Touching del always
starts with the last program step entered and
removes one entry each time it is touched.
It is essentially a backspace key. Using the
del key can cause the error alarm to come
on if an attempt is made o delete a START
or SKIP code. When a SKIP code is deleted,
the alarm means that an entire program has

8

off the error aiarm and deiete the last step

of the program preceding the deleted SKIP.

If the alarm does not go off with the next touch
of del, it means that the START code is the
only code left in the program memory and all
programs have been cleared. The START
code cannot be deleted. If a SKIP code is
deleted accidentally, re-entering skip will
reinitiate that program.

Error Alarm

The programmable Scientist has a program memory
capacity of 100 steps. If more than 100 program
steps are entered, or if a SKIP code is deleted, or an
attemnt i made io delete g ETART code, an error
alarm consisting of all decimal points will be dis-
played. Forexample, (.1.2.3.4.5. .. .) would
indicate an error alarm.

Entering Variables

With the LOAD/STEP/RUN switch in RUN position,
when the program encounters a HALT code, control
of the calculator is returned to the user. A variable
can be entered for further processing at that time. A
variable consists of any number entry key (0-9), CHS
or 7. Touching start after the variable has been
entered continues the program from the HALT code.

Entering Constants

With the LOAD/STEP/RUN switch in LOAD position,
keying in any number entry key (0-8), CHS or &
WITHOUT preceding the number with a HALT code
enters the number in the program as a constant.
This constant will be automatically keyed in and used
each time the program is run.

Programmer Control Operations

The following table summarizes the operations of the
programming switch and keys.

KEY LOAD MODE RUN MODE

start Clears program area Starts first program or
and writes START code. continues from a HALT.

skip  Marks beginning of Jumps over remainder
programs subsequent of a program and
to the first. begins execution of
the next program.

del Deletes the last step No function.
entered in a program.
halt Writes a HALT code No function.

in the program and
returns control of
calculator to user.




SWITCH FUNCTION

RUN position Permits execution of programs by use
of start or SKip..

LOAD position  Allows loading of programs into
program storage area.

Switching from Positions programmer control 1o begin

LOAD to RUN execution of the first program.

position

Switching from  Positions programmer control 1o begin

RUN to LOAD entering more program steps 1o the end

position of the last program entered. Previous
program data is not affected. Multiple
programs can be added at this point
by touching SKip .

Switching from  Positions programmer control to begin

RUN to LOAD  execution of the first program entered.

to RUN position This feature can be useful if the user is
interrupted during his calculations and
forgets which portion of the program
was last executed.

STEP position  Executes one step of a stored program

for each touch of the Siar key.

Programming Examples

The following example programs wil! illustrate the
versatility of the programmable Scientist. The follow-
ing programming symbols will be used to help define
the flow of execution of sample programs:

Start/Slop
Points

Procedures

Input
or Output

Input {(variable or

constant data key

entry) or Qutput
10 (displayed results)

Entering Single Programs

The programmable Scientist functions as a calculator
while it is being programmed, thus enabling you to
use actual data to get a meaningful result as you pro-
gram. While it is not necessary o use actual data
while keying in a sequence of programming steps,
doing so for simple, non-iterative programs can

be quite helpful. This feature lets you “debug” your
program by seeing if the calculated result displayed
at the end of programming is the same as your
predicted result for the calculations involved. If it is,
you have keyed in the program correctly.

Example: Program the Scientist to convert the rec-
tangular coordinates X and Y to polar coordinates R
and ¢. Using actual variables X =6 and Y = 8, we can
can predict resulis of:

R—= VX2 +Yy2= Ve2+82 = V100 = 10.and

(=arctanY/X = arc tan 8/6
= arc tan 1.3333333 ~ 53.12998

Desired flow of execution:

)
(7

4

COMPUTE
R = %DISPLAY / CDMEP:TE
NS s tan= Y/X

- l
Pl
<«




Loading the program.

Switch: LOAD position.

KEY  DATA REGISTER CONTENTS
STEP ENTRY ENTRY X v 7 J T M COMMENTS
1 start Mark beginning of program.
2 hait Pause for entry of a variable (X).
6 |6 ) &
3 ENT 6. 6.
4 ENT 6. 6. 6. Store X in register Z.
5 X 36. 6. x
6 halt 36. 6. Pause to enter Y.
8 8 36. 6. 8. Y.
7 MS 36. B. 8. Store Y in register M.
8 ENT 8. 8. 36. 6 8.
9 X 64. 36. 6. 8. o
i0 . 5 100 6. 8. X+Y.
11 v 10 8. VX+ Y
12 halt 10 6 8. Pause to display R.
13 X~y 6 10 8. RecoverY.
14 MR 8. 6. 10. 8. Recall X.
15 X=y 6. 8. 10. 8. Exchange to divide Y by X.
16 - 1.3333333{ 10. 8. Y/X.
17 arc 1.3333333| 10. 8.
18 tan 53.12998 | 10. 8. O displayed. End of program.




Running the program.

Now that the program for converting rectangular

coordinates to polar coordinates has been loaded, circle or volume of a sphere of radius r, whichever
convert the following rectangular coordinates to is needed. From Appendix B — Part 3:
polar coordinates: Area of circle = 72,

X=5Y=9 Circumference of circle = 24,

X7, Y=4 Volume of sphere = 4/3#73.

X=3, Y=3

Swilch: RUN position.
KEY IN  DISPLAY SHOWS

12

Entering Multiple Programs

It is apparent that no matter which formula is needed,

Example: Find the area or circumference ofa

r is going to be used. Thus the programs can be

COMMENTS S ;
No data is entered during the program.
Starts first program and : i
executes to first HALT. Desired flow of execution:
First X

Continue program fo next HALT.
FirstY.

Continue program 10 next HALT.
R displayed.

written to store the value of r in memory beforehand.

Continue program to end.
© displayed.
Start first program.

COMPUTE
VOLUME

Next X.

Continue program.

— COMPUTE

Next R displayed. AREA

Next O displayed.

Start first program. @ I |
COMPUTE
Next X. ClI ?C UMFEHENFE

Continue program. i

"
Next R displayed.

Next © displayed.




Loading the program. Using r = 5 as a test variable.

KEY  DATA REGISTER CONTENTS
STEP ENTRY ENTRY X v 7 T COMMENTS
R Test variable.
MS 5. 5. Store for use in the programs.
Switch: LOAD position.
1 start £ = ?;?;1; E?%:?;Eg of first prorgam
2 v 3.1415927 5 5. .
3 ENT 3.1415927 | 3.1415927 5. S:
4 MR 5. 3.1415927 5. 5. Recall r.
5 ENT = 5. 3.1415927 5, 5.
6 X 25. 3.1415927 5. 4 e
7 X 78.539817 = 3, or®. End of first program.
8 skip 78 530817 5. 5. Mark beginning of second program
(circumference of circle).
There are more than two programs.
9 halt 78.539817 S. 5. Each program subseguent 1o the
first program must have a HALT.
Since there is no data to enter at the
10 MR 3. 78.539817 5. 5. HALT in Step 9, touch any key other
than a data entry key (0-9, CHS, 7).
11 ENT a. 5. 78.538817 2. r.
12 T 3.1415827 | 5. 78.538817 T
13 X 15.707963 | 78.539817 5. 5. Y.
14 2 2 15.707963 {78.539817 | 5. 5. Shelebiapllibens il
constant in the program.
15 5, 31.415926 | 78.539817 a. 5. 2%r. End of second program.
16 skip 31.415926 | 78.539817 | 5. 5. E‘fjﬁ{ﬁnﬁg%ips”;g%r‘g} third program
17 halt 31.415826 | 78.539817 5 5. Same as Step 9.
18 MR 5. 31.415926 | 78.539817 . 5. Recallr.
19 ENT B 5. 31.415926 | 78.539817 | 5.
20 3 3 B 31.415926 | 78.539817 | 5.
21 y* 124.99984 | 0 0 0 5. ]
22 o 3.1415927 | 124.99984 o T,

13



14

23 X 392.69858 5. e, =
24 4 4 392.69858 5. Constant.
25 ENT 4, 4. 392.69858 5.
26 3 3. 4. 392.69858 5
27 - 1.3333333 | 392.69858 5 4/3.
28 X 523.59809 5, 4/3 =r*. End of third program.
KEY DATA REGISTER CONTENTS
STEP ENTRY ENTRY X Y z T M COMMENTS l
Running the program.
Now that the programs for the area and circumierence start 56.548668  Circumierence of circle of r=9.
of a circie and the volume of a sphere of radius r have it _
been loaded, solve the following problems: skip 90548008 S mmasnt.
Problem 1. Area and circumference of a circle skip 56.548668 5:";9 Sragon: 2 to start
of radius 7. e 30536995 xprng f' e e
; g 1 ; olume of sphereof r=9,
Problem 2. Circumference of a circle of radius 9 =il 4
and volume of a sphere of radius 9. 6.5 6.5 New radius.
Problem 3. Area of a circle of radius 6.5 and MS 6.5 Store in memory.
volume of a sphere of radius 6.5. =1} 13074055  Aces of Gircleckr=55
I start i =65
Problem 4. Area and circumference of a circle of = o
radius 12.35 and volume of a sphere skip 132.73229  Skip program 1.
b omadl Skip 13273229  Skipprogram2.
Switch: RUN position. start 1150.3467  Volume of sphere of r=6.5.
KEYIN  DISPLAY SHOWS COMMENTS S _
T T r=T for Problem 1. 12.35 12.35 v cociiie.
-mi? 7. Store radius in memory. -—hﬁ 12.35 SRS Y.
—— 153 O T start 479.16357 Area of circle of r=12.35.
skin 153 Q3804  Skip program 1 to start skip 479.16357  Skip program 1.
program 2. start 77.597338  Circumference of circle
stari 43982296  Circumference of circle of r=7. B of r=1235.
9 B IR skip 77.597338  Skip program 1.
NS 9 T skip 77597338  Skip program 2.
B _;, 9. Shin oecaramn 1 0t @_ 7890.2338 Volume of sphere of r=12.35.

program 2.



Entering lterative Programs

At the end of a program, the programmer always Desired flow of execution:
positions program control at the beginning of the first

program. This feature can be used to do iterative

programs, The iterative part of the program is pro- START

grammed in just once and then executed as many
times as needed.

Example: Program the Scientist to find Chi Square
(x2) for the following data:

. 2 3 &5 T 2
EE 4 4 3 5 3
Using the equation:
X =3 (O:-E)?
i=1 Ei
We can program the equation and use the
program n — 5 times.

Loading the program.
Since this is an iterative program, “real” variables cannot be used to get a test result ai the end of programming.
Use a “test” variable of 1 to avoid making logic errors (e.g. division by zero) during programming.

Switch: LOAD position.

KEY DATA REGISTER CONTENTS
STEP ENTRY ENTRY X Y i T M COMMENTS
1 1 Enter test variable (1).
1 start 1 Mark beginning of program.

Since the first step in the program
is ENT, the program will use what-

2 ENT 1 1. gver is in the display for data thus
eliminating the need fora HALT 10
enter one of the variables (O.).

3 halt 1. 1. Pause to enter E;.

MS L 1. 1. Store E, for Iater division.

| 5 - 0. 1. 0, -E,
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6 ENT 0. 1.
% 3 (0. - E)2.
8 MR 0. 1 Recall E;.
{D: =i E:}z
ey 1. iy st i 1.
9 £
(O, - EJ)°
10 th 1. % E;
End of program.
KEY  DATA REGISTER CONTENTS
STEP ENTRY ENTRY ¥ v = T M COMMENTS
Running the program.
Figuring x2 for the following data: 3 3 Es.
0. 2 5 ¢ 2 start 2.5833333 Summation with n=3.
B 4 3 8 3 7 7 Os-
Switch: RUN position. 5 5 Es
KEY IN DISPLAY SHOWS COMMENTS EEE 3.3833333 SiTAT BRI =4
0 (8] o
= 2 2 QL.
=N : Clear registers X and Y.
=5 ' 3 3 Es.
2 2 0. T——
- start 3. 7166665 Summation with n=25. End of
mﬁ; =4 S— program. Chi square calculated.
£ 4 Ey- Looping and Branching
S 1 (0. ~E)2/E.. Using the start key to loop, and the skip key to
This is the basic program. branch, aliows an iterative calculation and use of the
WRAUNUEO TR-1UN ¥ 25 105G results of that calculation in subsequent calculations.
as necessary (n =5 times). s : X
= A .. The following is an example of this technigue.
e 3 Example: Program the Scientist to find the mean,
= : variance and standard deviation of the following data;
4 4 E,. (2,7.3.5, 2).
start 1.95 Summation with n=2. Using the formulas:
5 5 0.. Mean = X = Zx/n,
T . EXZ = n{:EX(’ﬂ}z
start 9. Variante =gt =——— —— i

=
Standard Deviation = o = \/ 52



Desired flow of execution: lr

SUM
X, and X*

Loading the program:

NO

COMPUTE
X

COMPUTE
o2

COMPUTE
o

Since this is an iterative program, we will load the stack with a dummy
variable = 2 to avoid making logic errors (e.g. dividing by zero).

Switch: LOAD position.

LINE KEY DATA

REGISTER CONTENTS

NO. ENTRY ENTRY X% P T COMMENTS
2 ENT ENT Dummy variable x,.
start
1 MS X; n Z(x.)? X;
7+ x, =(x,)? =X
3 MR X; n Z(x;)*
4 X—y =X n =(x;)®
5 MS =%, n E(x.) Store Zx;.
6 C Xi =(x,)*
7 roll n x;
g b (%)
9 rali n X. X
10 roll Z(x.) Z(x.)*
11 roll X n n
12 ENT X =(x.)*
13 X X2 n n x;?
14+ 2(x)? i
15 Xy n
io i i Z(xJ?
j + n increment n count,
18 Setupto rait‘erate fqr next x;.
End of iterative routine to sum
MR Sx. (%) up X., {x.)2 and n. Keying in a
new x; at this point and touching
start will perform another
iteration of the routine.
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LINE KEY  DATA REGISTER CONTENTS
NO. ENTRY ENTRY ¥ v - M COMMENTS
Mark beginning of
19 skip =x n =(x:)? second program to
find x, e*and o.
X=y n Ex; =(x.)? =x.
21 MS n =X, Z(x.)? n
22 - Ix./n =(x,)* n X = mean.
23 halt =x./n Z(x:) n Pause to display x.
24 ENT =x./n =x:/n =x.)* n
25 X (=% /n)* Z{x)? n
26 MR n (=x./n)? 2(x.)? n
27 X n(=x./n)? =(x.)? n
28 — S0 Y-n(2x./n)? n
22 MR n Z(x.)n(Zx./n)? n
30 1 1 n =0¢)*n(=x./n)? n
31— n—1 S(x.)-n(2x,/n)?
32 2, el /) n Variance.
EF1
33  halt L{x;j:n_{;“ix;fn}z n Pause to display o°.
o V \/:_ (6)*-n(Sx./n)? " Display « (Standard
n—1 Deviation).




Running the program.

Calculate the mean, variance and standard deviation
for the following data: (2.7.3.5, 2).

Switch: RUN position.

KEY IN

o

%' ~ [§| o [0 0] [0

3

"8

" 18

1

DISPLAY SHOWS

0

F\JNGGQ

12

17.

TS,

3.8
4.7
2.1679483

COMMENTS
Clears stack,
Clears stack.
Clears stack.
Clears stack.
Xq-

Slart program 1, loop to
SUMX, X% and n.

)(2.

Xe.

The iteration {looping) part of
the program is finished. Branch
io the part of the program that
uses the data obtained in the
inferative parl.

Frogram pauses to display x.
Program pauses to display o

End of program. Program

B e T
Tispidys O

5.11

= o " ==
e e Tl = oy A aTatad>laclaslfals B
" |

- = o

& & N R

N

A NS4 | “'-I"'"{"'"“"""L

[t o=t ]

To load a program, move LOAD/STEP/RUN
switch to LOAD position.

Mark the beginning of the first program with
start. Mark the e beginning of all subsequent
programs with ;__kj_@ If more than two programs
are being stored, all except the first must have a
HALT command as part of the program to permit

accessing of those programs.

To interrupt 2 program, whether to enter a
variable or to display a result, touch halt

To enter a constant, key in the desired number.
It becomes part of the program.

To enter a variable, key in haJt then the desired
number. It does not become part of the program,
but is used to “debug” the program.

To run programs, move the LOAD/STEP/RUN
swiich to RUN position.

To start the first program, touch start

To start nth program, 10uc:h _akl_p;_ n_T hmes.

19



C ~ 144
cITor LOnGitions

In the event of a logic error (e.g., division by zero)
the Novus Scientist will display all zeros and decimal
points. An error condition is reset by touching C.
All registers are cleared to zero. Memory is not

affected by error conditions. See Appendix C, Table 1,

for a complete table of improper operations.

A b mnly T9:
Appendix A — Stack Di

0

(]

P e
= e

The following diagrams show what happens to the
stack for each operation on the Novus Scientist.
Contents of registers are indicated by lower case
letters X, y, Zand t. Locations are indicated by capital
letters X, Y, Z and T. The display always shows the
contents of register X. Memory is register M.

TOUCH CONTENTS LOCATION

20

TOUCH CONTENTS | LOCATION
g 2 t T
I Y
B E y Y
after any X
function aumber /
TOUCH CONTENTS | LOCATION
T t———T
2...8 7z —7
E.E -
after X X
ENT number_//
TOUCH CONTENTS | LOCATION
0
N
— z z
X y e

xlf(x} —=X

f(x): y+x—=>X
y—x=>X
yxXx=>X
b o




TOUCH

CONTENTS LOCATION

Tige,
\’

\'}{
\—I ost

—

= N
< N

=

TOUCH CONTENTS LOCATION
=T
G{( z 7
y Y
a
TOUCH CONTENTS | LOCATION
"E_E t o1
after < >z
number y =Y
entry X & X*

TOUCH

CONTENTS

LOCATION

ciis

t 1
Z *v4
y s

X—CHS x—=X

TOUCH

CONTENTS

LOCATION

MS

t e |

*Note: Calculator conditioned to accept exponent.

=N

3 X

:2

TOUCH CONTENTS | LOCATION
t T
ROLL z 74
y Y
X X
TOUCH CONTENTS | LOCATION
_/iost
ol

> < N~

=

21



TOUCH CONTENTS | LOCATION CONTENTS | LOCATION
0 0
ttT error t T
in vd condition = -
X X
f(x lost lost
TOUCH CONTENTS | LOCATION TOUCH CONTENTS  LOCATION
. . O_S.(;m 3 \ E
EE‘# t i3 - t T
10%, larc — 7 ye & -
followed y ————aY y Y
| . %(’
=S BN f(xM:st y* lost
TOUCH CONTENTS | LOCATION
t =T
1/x R e ——
VX y =Y

X X
f(x)\-lust
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In the previous sections of this manual is a summary

of how the functions of the Novus Scientist work.
This appendix demonstrates the versatility of the
Scientist in a variety of disciplines.
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Real roots of a quadratic equation.

Given the equation 2x2 -+ 3x — 4, find the roots:
X1 and Xz.

Roots x; and Xz can be found from the equation:

. ~b=Vb?—4ac
2a
_-b=yb2—4ac

2a 2a
where: a=2,b =3 and ¢ = -4,
STEP KEYIN  DISPLAY SHOWS COMMENTS
T 2 2 a.
2 EBENE 2
3 B 4 2a.
4 MS 4 Save for use in dividing.
S 3 3 b.
6 EHS -3 -b.
7 % 4
8 @B 075 -b/2a.
s BE 075
10 E -0.75 Save in register Z for further
use in addition and subtrac-
tion of the radical.
11 X 0.5625 b2/4a2.
4 4
12
CHS -4 c

z
art

: e
xampie

13
14
15
16
17
18
19

21

24

:

N[ O i

DISPLAY SHOWS COMMENTS
—4.
-8. 2c.
4. 2a.
-2 c/a.
2.5625 b2/4a2 —cfa = b*—4ac/2a
1.600781 b* —4ac/2a.
1.600781
R iﬂmjf?:l Vb*-4ac/2a.
1.600781 /b*—4ac/2a.
-0.75 -b/2a + \/b? - 4ac/2a
— /b2 —4ac/2a = -b/2a.
1.600781 y/b*—4ac/2a.
-2.350781 Second real root.

%X, = —b/2a — \fb:_“‘;‘,rza.

23
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Degrees, minutes and seconds to decimal degrees
conversion. Convert the following degrees, minutes
and seconds to decimal degrees:

56°23'44.5"
KEY IN DISPLAY SHOWS COMMENTS
445 44 5 Seconds.
ENT 445
60 60 60 seconds/minute.
MS 60.
= 0.7416666
23 23 Minutes.
- 23.741666
E 60. 60 minutes/degree.
= 0.3956944
56 56 Degrees.
- 56.395604  Decimal degrees.

Polar to rectangular coordinate conversion. Convert
coordinates ®=35°, R=7 to rectangular coordinates.

Using the formula:
X=Rcos@®and
Y=Rsin®

=
2
z

W
L)

)

DISPLAY SHOWS

35

35.

7

7

35.

35.
0.8191518
7.
5.7340626
35.
0.5735766
92
4.0150362

of this example.

COMMENTS

R.

Store B in register M.

Store © in register Y.
cos 0.

Recall R.

X displayed — Rcos 0.
8.

sin 0.

Recall R.

Y displayed = R sin ©.

Note: To see X again, touch ﬁ
See Appendix B — Part 4 for a stack diagram

R
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PHYSICS

Rectangular to polar coordinate conversion. Convert What gravitational force does the earth exert on the
coordinaies X=6, Y=28 to polar coordinates R and ©. moon? From Newton's law of universal gravitation,
Using the formula: FeG myma
R=yX2+Y2 rz
Y where: m; = mass of the earth = 5.98 X 102% kg,
D= m2 = mass of the moon = 7.36 X 1022 kg,

r = distance from the earth to the

DISPLAY SHOWS . c:e:ufms esmemaip b
: cooreinate. G = Universal gravitational constant
6 = 6.67 X 10-1* N-m2/ kg?
. - therefore:
Store X in register Z.
= e E=BEI%i0E 5.98 x 1024 x7.36 x 1022
36 X2 = B.b/ X X (3.84x 1092
8 8 Y coordinate. = 1,99 x 102° newtons.
MS 8 Store Y in register M. KEY IN  DISPLAY SHOWS COMMENTS
ﬁ 8 6.67 6.67
X 64 v, EE 6.67
E 100. X2 4 Y2, 6.67 1
= 10. R= TV 6.67 -11 E:iversai gravitational
E 6. Recover X. 6.67 -11
MR B Recall Y. 5.98
Xy 5. Exchange to divide Y by X. 5.98
- 13333333 Y/X 5.98 24  Mass of the earth.
arc 1.3333333 5.98 24
tar 53.12688 © = arc tan Y/X. 7.36
Note: To see R again, touch 5. 7.36
See Appendix B — Part 4 for a stack diagram 7.36 22  Mass of the moon.
of this example. 4.40128 47  mge

25



3.84 3.84 Using the equation KE = ¥%2mv2, where KE = kinetic
— energy of the electron, m = mass of the proton =
== e 1.67 x 10-27 and v = velocity of the electron.

3.84 08  Distance from earth

8
T 554 oo v=y 2E - \/ 2x4.8x%10-17
— m 1.67 x 10-27

% e S — 2,397 x 105 meters/sec.
= 2.984809 30 mymy/r3
< 1.9908676 20 F = gravitational force. KEY IN DISPLAY SHOWS COMMENTS
S 300 200 Potential difference in eV.
How many electrons pass a certain point per second Eﬁﬁ: 300.
in a wire that carries a current of 12 amps? 16 16
Since 1 amp is defined as 1 coulomb/second, =3 16
12 A =12 C/s. The electron charge = e = 1.6 X . '
10-19C, so a current of 12A corresponds to a flow of: 19 1.6 19
= M f proton.
1265 = 7.5 x 10 19 glectrons/sec. s 1.8 ke PR
1.6 x10-12 C/electron < 48 —17  Kinetic energy of proton.
KEY IN  DISPLAY SHOWS COMMENTS 2_ 5
12 12 Amperes. Fr—
- X 9.6 2
ENT 12. o
— 1.67 16T
1.6 1.6 =
—_— == 1.67
EE 1.6 o
= 27 1.67 27
i te 18 CHS 1.67 —27  Mass of the proton.
( s -1 Electron charge. T
S, il T oz 57485029 10
e 7.5 18  Electrons/second. e :
e -.f_ 229760.35 Velocity of the proton.

What is the velocity of a proton (mass = 1.67 X 10-27
kg) which is accelerated through a potential difference

of 300 volts? What is the attractive force between a proton
Since the charge on a proten is +e, its kinetic energy (charge 4-e) and an electron gcharge —e)ina
is 300eV (electron-volts) x 1.6 x 10-2% joules/eV = hydrogen atom where the radius of the electron
4.8 x 1077 joules. orbit is 5.3 x 10-** m?

26



Using Coulomb's law:
1Q2
rz
where: k = Universal constant = 9.0 x 10° N-mz2/(C?

Q; = charge on particle 1 = charge of
proton = 1.8 x 10-18C,

Q. = charge on particlie 2 = charge of
electron = 1.6 x 10-12C,

r = distance between two charges
=53x10m.

(1.6 x10-29)2
(63 x 10-11)2
= 8.2 x10-% newtons.

—

F=980x10%x

KEY IN DISPLAY SHOWS COMMENTS
9. g.

EE 9.

é | Q. 09  Universal constant.
ENT 9. 09

1.6 1.6

EE 1.6

19 1.6 19

CHS 16 49 Q;=0Q,
ENT 1.6 -19

> 2.56 38 0,0,
5.3 5.3

EE 5.3

11 5.3 11

CHS 5.3 11 ¢

ENT 5.3 ~11

4 2,809 91
= 9113563 -18 0,Qu/r.
)_{ 820220687 -08  Attractive force F.

One of the predictions of Einstein’s theory of relativity
is that the mass of moving body is greater than its
mass at rest. Using the equation:

Mo

V1 —v2/c?
Where: M = mass of the moving body,
My = mass of the body at rest,
v = velocity of the body,
¢ = speed of light (2.997 x 108 m/sec).

Find the mass of an electron traveling at 75% of the
speed of light. If the rest mass of an electron is 9.109
x 10-31 kg. If v = .75¢, then the equation becomes:

_ Mo e

M=

Substituting:

v — 2109 x 10-31

V1= (751

KEY IN DISPLAY SHOWS COMMENTS
9.109 9.109
EE 9.109 00
31 9.109 31
C_HE 9.109 —31  Mass of electron at rest.
ENT 9.109 -31
1 1
ENT 1.
75 0.75
ENT 0.75
el 0.5625 (.75)2
— 0.4375 1-(75)3
Nl 0.6614378 Vi=(75F

1.3771514 =30  Mass of electron travelling
at 75% the speed of light,

= Mnf\f-[ —~(75)
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oDetermine the rise of the mercury column in a glass How many gram-atoms of Iron (Fe) are present in

tube of inside diameter 0.6 mm which stands vertically 250 grams of iron?
with one end immersed in mercury. The angle of Since the atomic mass of Fe = 55.847 atomic mass
contact with the mercury is 57.3° and the surface umits (u) = 55.847 grams/gram atorn,
tension is 430 dynes/cm.
Using the formula: h = 2T/rdg (cos 6) s SRGs OF Fo — rr_nass of Fe
where: h = height of mercury in tube, atomic mass of Fe
T = surface tension, z 250 grams
r = inside radius of tube (¥ diameter), 55.847 g/gram-atom
d = density of the liquid = 13.6 g/cm?
for mercury, KEY IN  DISPLAY SHOWS COMMENTS
g = acceleration due to gravity 250 250 Grams of Fe.
= 980 cm/sec2. ENT 050,
b 2 x 490 dynes/cm X c0s 57.3° 55847 55.847 Atomic mass of Fe.
3 2 ==t
£08 e X13.0.0/6Mm-x 960 om/ece = 4476516  Gram-atoms of Fe in 250 grams.
= 1.324 cm. R
KEYIN  DISPLAY SHOWS COMMENTS In the above example, how many atoms of Fe are
in the sample?
2 2
ENT 2 Since the number of atoms in a sampie of any
= : substance is the number of gram-atoms it contains
490 490 il oinmnen multiplied by Avogadro's number (N = 6.023 x
52 980. 1023 atoms/gram-atom),
03 0.03 IANCE TGOS 3 cm. Atoms of Fe = 4.476516 gram-atoms x 6.023 x 102
ENT 3. -02 atoms/gram-atom = 4.476516 x
T . 6.023 x 1022 = 2.6962 x 1024 atoms.
136 13.6 Density of mercury.
X 0.408 KEY IN DISPLAY SHOWS COMMENTS
S80 980. Gravity. 4476516 4.476516 Gram-atoms of Fe.
X 399.84 ENE 4.476516
57.3 57.3 Angle of contact. EE 6.023
Eﬁs: 0.5402406 23 6.023 23  Avogadro's number,
X 1.324119 Rise of column in cm. X 2.6962055 24  Atoms of Fe.
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What is the molarity of a solution that contains 135
grams of calcium chloride, CaCl,, per liter?

Using the formula mass of CaCl,:

1Ca=1x4008u= 4008 u
2Cl =2x35453u= 70.906u

110.986 u = 110.986 g/mole

in the equation:
mass of CaCl;

formula mass of CaCls

number of moles =

_ 185 grams
110.986 g/mole

So the concentration of the solution is
1.21 moles/liter.

KEYIN  DISPLAY SHOWS

COMMENTS

40.08 40.08 Atomic mass of Ca.

B 4008

35453 35.453 Atomic mass of Cl.

B 35453

2 2

70.906 Atomic mass of Cl,.
110.986 Formuta mass of CaCl,.
135 Grams of CaCly.
110.986
1.2163696  Moles per liter.

= 1.21 mole.

I rrnl /s

o W o | 1 g My
—:‘\L—- \"-"'--_ LS
- | SR VIA L

What is the tension at the ends of a cable where the
span is 700 feet and the sag is 45 feet if each cable
of the suspension bridge carries a honzontal load
of 620 Ibs/ft?

Using the equation:
T = Yawa /1 +a2/16d2

where: T = tension,
w = weight (horizontal load),
a = length of span,

d = sag,

= Y2 x 620 x 700 x \/1 + 7002/ 16 x 452

- 871342 Ibs.
KEY IN DISPLAY SHOWS COMMENTS
700 700 Length of span (a).
MS 700.
ENT 700.
B 490000. 2.
16 16.
ENT 16.
45 45 Sag (d).
54 2025. .
5% 32400. 16d,.
= 15123456  @%/16¢%
1 1
+ 16.123456  1+a%/16c™.
o 4.015401 /T ai/T6.
MR 700. a
X 2810.7807 ax\/1:av/iea.
620 620 Weight (w).
5 1742684.  wxax\/TTai/6d
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1.
2
0.5

{ 871342, 2 xwxaxy/1+at/i6d2

After how long a time will the charge oscillations
in a LCR circuit decay to half-amplitude if L = 10 mh,
C=10xfandR = 0.1 ochm?

The oscillation amplitude will have decreased to
nalf when the amplitude factor e-**/2 in the equation
g = g,e*/2cos,’t has the value one-half, or

m
=i

X [ " |

[

Vo = e-R/12L
This leads to the equation:
{= EFTL In 2
_ (2) (10x10-3) (in 2)
0.10

KEY IN DISPLAY SHOWS COMMENTS

2 2

ENT 2

10 10

EE 10

3 10 03

CHS 10  -03 Inductance (L).

> 2. -02 2L,

2 2

In 0.6931475

o 1386295 -02 2Lz

0 0.10 Resistance (R).

= 0.1386295 Seconds to decrease to half

ampliiude. =t = 2L/Rin2.

30

What is the eguivalent resistance of a 220 ohm
resistor, a 145 ohm resistor and a 175 ochm resistor
connected in parallel?

Using the equation:

R — 1
1/Ri+1/Rz2+1/Rs
1
T 1/220+1/145+1/175
KEY IN DISPLAY SHOWS COMMENTS
220 220 Ry.
it 4545454 -03 /R,
ENT 4545454 03
145 145 R,.
1/x 6.896551 -03 1/R,.
=5 1.1442005 -02
175 175 Rs.
1/x 5714285 -03 1/Ra.
+ 1.715628 -02 1
1/x 58.28766 R e T

Find the capacitance of a capacitor having eleven
1-sg-inch plates with a dieleciric of mica 5 mils thick.

Using the formula:

o .. 0.0885KA (n—1)

o

FrAar Frame
A = area of one plate in square centimeters,
n = the number of plates,
d = distance between plates in centimeters.
" 0.0885x 1 x(2.54 cm/in)2x (11 — 1)
5x10-3inx2.54 cm/in

= 449 58 picofarads.




DISPLAY SHOWS
0.0885

885 -02
2.54

2.54
6.4516
0.5709666
1

11.

COMMENTS

cm/in,

{cm/in)>.

2
'

0.0885KA (n—1).

STATISTICS

Compute the mean (X) of the following data:

(2.7.9,52).
Using the formula:
g = 3X
n
KEYIN  DISPLAY SHOWS
2 2
ENT 2
7 7
+ 9.
3 3
+ 12 >
5 5
B 17.
2 2
+ 19.
5 5
= 38

COMMENTS

Repeat these steps

n—1 mes.

Mean ().
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Compute the harmonic mean (M,) of the following Xy 1.6761904
data: (2, 7, 3, 5, 2). =

'_'*_—. 2 9R29546 Harmonic mean (M,).
Using the formuila:
F e Compute the geometric mean (M,) of the following
Lk I 5
2_1_ data.-{z. 7.9, 5 2)
~ Using the formula:

KEY IN DISPLAY SHOWS COMMENTS Mg — nv{xl} [3‘2] {K;} i {xn}
2 2 *1 KEYIN  DISPLAY SHOWS COMMENTS

0.5 2 2 Xy

7 X2- ENT 2

0.1428571 T 7 X3

0.6428571 b 14.

3 xﬁ‘ 3 3 13.

o Repeat these steps
0.3333333 B 42, n—1 times.
- Hepelat these steps o

0.9761904 n-1 times. 5 5 X3

5 Xg @ 210.

0.2 2 2 X5

1.1761904 > 420.

2 g 5 5 n.

0.5 E? X 0.2 n* root.

1.6761904 ¥ 3.3469546  Geometric mean (M,).

5 n
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Find the predicted ground speed and true heading
ior a planned flight with the following flight triangle
factors known:

<a = true course = 30°
from North.
<8 = wind direction = 50°
from North.
TAS = true air speed = 140 mph.
V = wind velocity = 42 mph.
<y = true heading = ?
PGS = predicted ground
speed = ?

Predicted Ground Speed
Using the equation:
PGS = V cos(B — a)

+ VIV cos(B — a)]2 — V2 + TAS2
= 42 cos(50 — 30)

+ /142 cos (50 — 30)JZ — 422 + 1402,

KEY IN  DISPLAY SHOWS COMMENTS
49 Wind velocity (V).
42.
50 Wind direction (< 8).
50,

30 30

- 20.

cos. 0.9396926

= 39.467089

MS 39.467089

ENT 39.467089

X8 1557.6511

42 42

ENT 42.

b 1764.

— -206.3489

140 140

ENT 140.

X 19600.

- 19393.652

v 139.26108

MR 39.467089

+ 178.72817
True Heading

Using the equation:

True course (4 a).

Vcos (B——=).
Store for further use.

[V cos (8-a)]>.
V.

[V cos (B-al2— V.

TAS,

TAS™.
[V cos (8-a)P— V2 + TAS2.

V{V cos (B—-a)}* — V= + TAS.
Vcos (8—=).

V cos (8—a)

T/ [Vcos (B—a)?— V2 + TASE.
= Predicted ground speed.

<y = @ — arc sin (V sin(B-a)/TAS)
= 30 — arc sin (42 sin (50 — 30)/140)

KEY IN DISPLAY SHOWS

30 30
ENT 30
MS 30.
42 42
ENT 42.
50 50

COMMENTS
True course (a).

Save for further use.

Wind velocity (V).

Wind direction {8). 33



ENT 50.

MR 30. Recall .

— 20.

sin 0.3420203  sin (Ba).

B 17.101015  Vsin (8-a).

140 140 TAS.

= 0.1221501  Vsin (B-a)/TAS.

arc 0.1221501

sin 7.0155541  arcsin [V sin (8-a)/TAS].

34.084446° a—arcsin [V sin (8-a)/TAS].

= True heading.

@ North Pole

What is the great circle route between San Francisco
and Washington D.C.?
Using the formula:
a = arc cos{cos b cos ¢ + sin b sin c cos ) x 60
where: o = 122.4° — 77° = 454°,
b =90° —37.6° = 52.4°, and
¢ = 90° — 38.8° = 51.2°.

a = arc cos (cos 52.4 cos 51.2
-+ sin 52.4 sin 51.2 cos 45.4) x 60.

KEY IN DISPLAY SHOWS COMMENTS
52 .4 52.4 b.
cos 0.6101454  cosb.

1.2 5 e:

cos 0.6266041  cosc.

_)i 0.3823196 cosbcosc.

52.4 52.4 b.

_sin 0.7922894  sinb.

51.2 51.2 .

sin 0.7793377 sinc.

'Z' 0.6174609 sinbsinc.

454 45.4 .

_cos 0.7021533 cosa.

X 0.4335522  sin bsinccos a.

_E 0.8158718 cosbcosc+sinbsinccosa.

arc 0.8158718

cos 35326047  arc cos (cos b cos ¢ +
sin b sin ¢ cos g).

60 60

2 2119.5628  Great circle distance.

y =|3250'

i

Calculate the angle of sight © that chemical retardant
should be dropped from a fire-fighting plane to reach
the fire if the plane is at 3250 feet with a velocity

of 85 mph? Using the formula:




0 = tan-? Vol

Where: © = angle of sight,
vo = velocity of
the plane,
y = altitude of
the plane,
t = time of fall for
the retardant.

Time of fall for the retardant can be calculated
using the formula:

t =\/2v/g
Where: g = force of gravity = 32 ft/sec?.

KEY IN DISPLAY SHOWS COMMENTS

2 2 Calculate t first.
a2
3250 3250 Altitude of the plane.
@ 3250. Store for use in calculating ©.
B 6500.
?E“ 32 Force of gravity.

203.125

14252192  t=/2y/g calculated.

85 85 Velocity of the plane.

ENT 85.

5280 5280 Feet/mile.

E 448800.

3600 3600 Seconds/hour.

-:_ 124 66666 Speed expressed as ft/sec.
b 1776.7731 vt

MF: 3250 Recall altitude.

- 0.5466994 v U/y.

arc tan 28665174  Angle of sight ©.

What will $7,000 be worth in five years if it is com-
pounded annually at a rate of 8.2% per year?

Using the formula: FV = PV(1 + i)

where: FV = future value,
PV = present value,
i = interest per period (in decimal),
n = number of periods.

— 7000 (1 +.082)5

KEY IN DISFLAY SHOWS COMMENTS

1 1

ENT 1.

082 0.082 .

-+ 1.082

5 5 n.

e 14829825 (1+im.

7000 7000 PV.

B 10380.877  Future value (FV).

Compute the annual rate of return (after taxes)
of an investment of $10,000 which, after 32 years
is worth $12,550 if the tax rate is 38%.

Using the formula:
. (FV —PV) (1 —tax rate) G
PV

Where: r = rate of return,
FV = future value,
PV = present value,
n = number of periods.

KEY IN DISPLAY SHOWS COMMENTS

12550 12550 FV.

ENT 12550.

10000 10000 PV.

@ 10000. Save for use in dividing.

= 2550. FV - PV.
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B & [ ﬁi o

—

00

Xl

Part 1.

0.38
0.62
1581.
10000.
0.1581
35
0.55335
100
55.335

Tax rate.

1 —1tax rate.

(FV — PV) (1 — tax rate).
Recall PV.

(FV - PV) (1 —tax rate) /PV.
n.

(FV—-PV) (1 —tax rate) /PVxn.

Multiply by 100 to make into
whole perceniage,
= rate of return.

What is the annual payment on a loan of $86,000
taken for 10 years if the rate is 8% per year?

Using the formula:

36

B b Rk I

T = pv |

i
1—(1 -H)-ﬂ]
where: PMT = payment,

PV = present value,

I = interest rate per period (in decimal),

n = number of periods.

DISPLAY SHOWS

1

1.

0.08

1.08

10
-10

0.4631938
-0.4631938

COMMENTS

(1 +i).

(1 +i)-n,

E 0.5368062 1-(1+i)-.
.08 0.08 .

xy 0.5368062

= 0.1490295  i/1—(1+i}=.
86000 86000 PV,

BX 12816.537  PMT.

——

See Appendix B — Part 4 for a stack diagram
of this example.

Part 2.
In the above example (part 1), what is the remaining
balance after the sixth payment?

Using the formula:
oat, = pur [ 1=0+17]

Where: k = number of payments made.

KEY IN

o

ALY AT Y

=k
1]

816.35

d

X

DISPLAY SHOWS

1
R
0.08
8. -02
1.08
6
6.
10
4.
0.7350301
-0.735030 1
1
0.2649699
8. -02
3.312123
12816.55
42449.99

COMMENTS

L
Store for further use.

141

K—n

(1 + 1)k=n,

1= (1 +i)en,
Recall 1.

1—(1 +i)en/i
PMT (from Part 1).

Balh.
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The hyperbolic and inverse hyperbolic functions
can be found by using the Gudermannian function:

gdx = 2arctane* — «/2 (Note: #/2 = 90°).
and the inverse Gudermannian function:

gd-l x = In tan [/4 + x/2] (Note: w/4 = 45 °).

in conjunction with the following formulas:
a¥ _ g%

sinh X =

sinh-1x = In [x 4+ /(@ + 1

eXy g
coshx = »
2

1)] = gd-! (sin-1x),

cosh-1x = sech11/X,
sinh x
cosh X
tanh-2x = Y2 In [1 +x/1 —x] = gd-! (sin"! X),
1
tanh x
coth-1x = tanh-1 1/x,
1
cosh X

fanh X = = sin gd ¥,

coth x =

sech X =

sech2x = [In1/x+/1/x2—1] = gd-1 {cos1X),

gschx =

sinh X
csch-l x = sinh 1/x.

Examples:
Gudermannian function: gd 0.225 = 12.78301

Key in: .225 E‘ arc tan 2 5 90—
Display shows: 12.78301

Inverse Gudermannian function: gd- __6_
Key in: 505m2—45i”?@5
Display shows: 1.3169571

%)

= 1.3169571

Hyperbolic sine: sinh 2.5 = 6.050203
Keyin: 2.5 el ENT 1/x — 2 =
Digplay shows: 6.050203

See Appendix B — Part 4 for a stack diagram
of this example.

Hyperbolic cosine: cosh 2.5 = 6. 132288
Keyin:2.5ed ENT I/x & 2 =
Display shows: 6.132288

Hyperbolic tangent: tanh 2.5 = 0.9866173 _
Key in: 2.5 e’“ arc tan 2.>__<; 0 — sim
Display shows: 0.9866173

Hyperbolic cotangent: coth 2.5 = 1.01¢
Key in: zﬁe*arc fan 2 X 90 = [sin 1/x
Display shows: 1.013564

Hyperbolic secant: sech 2.5 = 0. 15_:_?39? 2
Keyin: 2.5 & ENT /< 05 2 = fi/x
Display shows: 0.1630712

Hyperbolic cosecant: ¢sch 2.5 = 0.1652837

Keyin: 2.5 e‘* ENT ‘h’x = 2 = 1
Display shows: O, 165283?

Inverse hyperbolic sine: sinh=1 30 = 4.0947481
Key in: 30 arc tam 2 = 45 & fan In

Display shows: 4.0947481

Inverse hyperbohc tangent: | tanh-1.52 = 0.5763266
Key in: .52 arc sm 2 -—45—1— iaﬂ In
Display shows: 0.5763266

Inverse hyperbolic secant: sech -1.52 = 1.2713823
Keyin: .52 EE’G ces 2 =45 + tan [n
DlSDiE}"'ShDWS 12?13823

Inverse hvperbchc cosine: cosh-*30 = 4. 094195}'
Key in: 30 ifx arc cos 2 = 45 + tanln
Display shows: 4.0941957

Inverse hyperbolic cotangent: coth-? 30=3.334028 -02

Keyin: 30 /X arc Sin 2 = 45 £ fanln
Display shows: 3.334028 -02
Inverse hyperbolic cosecant: csch-l .52 = 1.4086839

Keyin: .52 1/x arc fan 2 = %EEE
Display shows: 1.4086939




Appendix B—Part 3
Some Common Mathematical
Formulae with Examples

—

y
Rectangle, area and perimeter

Rectangle of width X and length Y
Area = XY
Perimeter = 2X + 2Y

Example: Heclangle of width 4 and length 8:

Sircle, area and circumference
Jircle of radius r.

Area = qrr2

Circumference = 2T

=xample: Circle of radius 5.

Area: Keyin: & BNE 5 % X
Display shows: 78.539817
Ctrmmference Keyin: 2 ENT e 5 P

Nienlav shows: 31 41592?

Regular polygon circumscribed in a
circle, area and perimeter
Regular polygon with n sides circumscribed in a
circle of radius r.

Area = ¥2nr2 sin 360/n

Perimeter = 2nr Sif§ 180/n

Example: Polygon with 8 sides inscribed ina
circle of radius 5.

Area: Key in: 1 EZE

Dayshnws 0. ?1
Perimeter: Key in: 2 ENT 8K s X 180

D:splay shnws: 30.614688

Ellipse, area and circumference
Ellipse of major axis X
and minor axis Y.

Area = YagXY

Circumference =

2m\/178(%2 + Y2)




Example: Ellipse of major axis 8 and minor axis 4.

Area: Keyin: 1ENT 4 = & X 8 X 4 X
Display shows: 25.132739

"1"‘.,—_!‘_!"

Circumference: Key in: 1 ENT 8 S S ENT X 4
ENE X X2 XEX h
Display shows: 19.869172 .
Cone, area and volume
Cone of radius r and height h
Volume = Ya#r2h
Area = gr\/r2 + h?
Example: Cone of radius 5
and height 10. = =
Volume: Key in: 1 EBE% & X 5 ENT X
X 10 X
Display shows: 261 79_2.,35
Regular polygon circumscribing a circle, Area: Ke?é“;ié %ﬁg %_‘- E
area and perimeter ENT X S
P - Display shows: 1?5.621:%45

Regular polygon with n sides cir-

cumscribing a circle of radius 5.
Area = nr2 tan 180/n
Perimeter = 2nr tan 180/n

Example: Polygon with 8 sides circumscribing
a circle of radius 5.
Area: Keyin: 8 %SM X X 180
eﬁ s B 5 B4
Display shows: 7 TB 53672

—.‘?‘.'-'_

Perimeter: Key in: 2?%'_58, % 5 X 180
ENE8 = fam X
Display shows: 33.137096 Sphere, area and volume

Sphere of radius r.
Volume = 4/37r3

Area = 4412
39



Example: Sphere of radius 5.

Volume: Keyin: 5 ENT 3 y¥* &+ X 4 ENT 3 = X
Display shows: 523.58809 y P2(xay2)

Area: Keyin: 4 ENT o+ X 5 ENT X X Y,
Display shows: 314.15925

’ P “6\

Distance between two points, P; and P»
Distance d between two points P1(X1v1) and Pa(Xay2).
d = Vxe—x1)2 + (Y2=—Y1)*
Example: Distance between points P1(3,4) and PQ(S 8).

— — —— — — —

-(-q--ll-ll-'-

>< - -
-

Torus, area and volume Keyin: 5 ENE 3 — ENT X 8 ENT 4 —
Torus of inner radius x and ENT X j;_ N
outer radius y. Display shows: 4.472135

Volume = Va2
(xt+y) (y—x)2
Area = 73(y2-—x23)

Example: Torus with inner

radius 2 and outer radius 4. Slope and angle of line between points

Slope and angIe of line between points P; and Pa.

Volume: Keyin: 1 ENI AR BN X X2
ENT 4 & 4 ENT 2 — ENT X Slope = m = y2—yi/X—%; = t1an &
X X Example: S!ope Key in: 8 ENT 4 = 5
Display shows: 59.217626 =il 3 B =
Area: Keyin: &= ENT X 4 ENT X 2 Display shows: 2.
ENT X = X Angle: Keyin: larc tan
Dtspta}r shows: 118.43525 Display shows: 63.434781°
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STACK DIAGRAM FOR: X=RCOS©, Y=RSIN©®

Eli_ﬁ M R R IR R R R R R R R
=
= R. R
=
8 cos
o1 2 R|R|©®|R R |
E o R R o | B
cos
z Y ©olo|e|RrR|e|e || e|cos|cos|sn|cos
T x= Y=R
i X lele|R|R|o|o|%]|R RCost @ > | B |se
KEY
IN © |ENT| R | MS | X-Y|ENT|COS| MR | X [X~Y|SIN|MR | X

STACK DIAGRAM FOR PMT =PV [ — ]
1- (1+i)™

-n -n i
Y 1 1 1+i | 1+i ~(1+) -(+) i 3Tty
: - N -n H M PV [— ]
X 1 1 i [T+i] n | -n =m0 | T - § [1-04) PV 11+
‘(]E;" 1 |ENT| i [+ | n [cHS| Y*|cHS| 1 | + | i [xv] = [PV ] X ]

REGISTER CONTENTS
N
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REGISTER CONTENTS

42

REGISTER CONTENTS
N

STACK DIAGRAM FOR SINH X =

X _ g X

Y B" E" EJEE

X e* e lese*| 2 oo

KEY 1 ”

= e |[ENT| — 2 | <
STACK DIAGRAM OF R=./x® +y2 AND @=AF{CTAN%

M Y 1Y Y Y \' Y

T X

= X X | X | x| x VY 3y

Y X X X = F X=| vy X2 { X X iy W L Y x*+ vy \/x3+ y?

i T G

X X | X1l Y 1Y | Y[ ¥YEPPowhseov3 X ¥ | X > | 3 [AavY
= X
K|E:Y ENT[ENT| X | ¥ [ms |ent| X | + | |xv|MR|xvy| = |aRc|TAN




L] ﬁ 'r“-‘l
Appenaix G — fabies

Table 1: Conditions for Error Indication

FUNCTION CONDITION (x = contents of register X)
¥ y<0
xlogy > 99
o x| > 99
i ix] > 99
logxorinx x<0
SR POt x <0orx> 90
tan x
arc sin X or
arc cos X x<0Dorx>1
arctan x x<0
Program .
loading Loading more than 100 steps

Table 2: Range and Accuracy of Functions

FUNCTION RANGE
= — X 1 x 1099 < x
= 1/x < #9.9999899 x 1099
1 x1099 < x
X < £9.9999999 x 10%9
log x D<x£+9.9999999x1?9‘3
Inx 0 < x =< +9.9999999 x 10%?
10% I x 10 < x<+99
ex 1 x1029 < x < +99
¥ y>0
sin, cos, fan | 0° < x < +90°
wosn  Josxen
arc tan 0 < x < 9.9999999 x 10;‘9
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Other Producis

Other “professional” calculators from NOVUS. ..

Novus 4510 Mathematician
The Electronic Slide Rule
= Trig and inverse irig functions
= Common and natural logs and anti-logs
= Fully addressable, accumulating memory

Novus 4515 Mathematician PR

The Programmable Electronic Slide Rule

« Same features as Novus 4510

» 100-step programming capability
Novus 4520 Scientist

The Scientist's Electronic Slide Rule

e Scientific notation

» Trig and inverse trig functions

« Common and natural logs and anti-logs

Novus 6010 International Computer
The Electronic Measurement Converter
* More than 65 international measurement
conversions
= Fuily addressable, accumulating memory
= Total calculating capability with live percent

44

Novus 6020 Financier
The Electronic Financial Calculater
» Dedicated to solving financial calculations
» Pre-programmed financial equations
« Fully addressable, accumulating memory
Novus 6025 Financier PR
The Programmable Electronic Financial Calculator
» Same features as Novus 6020 '
» 100-step programming capability
Novus 6030 Statistician
The Electronic Statistical Calculator
» Dedicated to solving statistical calculations
» Pre-programmed statistical equations
» Fully addressable, accumulating memory
Novus 6035 Statistician PR
The Programmable Electronic Statistical Calculator
» Same features as Novus 6030
» 100-step programming capability
Novus AC adaptors and chargers also available

For further information see your dealer or write:

NOVUS CUSTOMER RELATIONS DEFPT.
1177 Kern Avenue

Sunnyvale, CA 94086

(408) 733-2600



Lonsumer Warranty

Model Number 4525

NOVUS, the consumer products division of National
Semiconductor Corporation, is proud to guarantee
your electronic calculator to be free from defects in
workmanship and materials for a period of one year
from the date of your purchase. Defects caused by
abuse, accidents, modifications, negligence, misuse
or other causes beyond the control of NOVUS are, of

course, not covered by this warranty, nor are batteries.

Should ihe calculator prove defective within 30 days
of purchase, NOVUS will repair or, at its discretion,
replace it free of charge. If the defect occurs after 30
days from date of purchase, a charge of $3.50 will be
made for handling and insurance. If your calculator
becomes defective aiter the one-year period, NOVUS
will make repairs for a nominal charge of $20.00.
Simply mail it prepaid and insured with your check

or money order to the nearest NOVUS service center.
Repair prices are subject to change without notice.
Please do not send or include cash. Make your

check or money order payable to NOVUS. Upon
receipt, your calculator will be promptly serviced

and reiurned to you freight prepaid.

iy i T F aa _‘-'n [ g = dey
onsumet \ vaiidiily

D e L i S e e S
nedgisiration vertrcalte

Please put your warranty into effect by completing
this form and mailing it within 10 days from date of
purchase to the NOVUS service center in your area.

Novus Model 4525

i

129%%

6/29/ 76

S

Purchase Date ) i —

(month/day/year) i i ; T AT
QIMPSONS-SERRS, 5T, LAVRENT
Purchased from_~" sioomint, (ZNTRE, o TTAWA LA,

4

=)
o 5
oK)

Serial Number

arAET =1 £y — s, e |:-'
£ T SLVY. oTTRWE  gal;

Address_ o1 LAUREK

) i ATTAWA ANT. &
City, State, Zip_ _ it
Your Name, _W.C-BROWK

4% Davidson 7R, o7 TAWA, oN T
Your Address__ 1377 o _

City, State, Zip_ OTTAWA | ONT.
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Optional Information

#as this caiculator purchased for:
O Gift [ Personal use

Nhat is your occupation?
O Student or Teacher O Professional
O Executive [ Financial or Commercial
O Engineering or Scientific [0 Statistical fields
O Other occupation__

Nhat is your age group?
O Under18 0O 18-34 [ 35-48 ([J 50-over

Nhere will you most use your Novus calculator?
O Athome [ Atschool [ Atwork
O During travel

Nhere did you learn about the Novus calculators?
0O Magazine [ Newspaper [ Television
[0 Radio 0O Mail 0O Store salesman
O Friend
O Other

What most attracted you to your Novus calculator?
O Appearance [ Size [J Reputation
O Price O Features and capabilities
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Warranty Information
=or Your Records
NOVUS Warranty Certificate
Please retain for your records. See insert for
product service locations.

41-‘ ==
Model Number ! 2_.:

. 1129 &Y
Serial Number i

Purchased from
A
Date purchased é/"‘ LG

SIMPsonNSs “SOARS ST. CANENT
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